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DELTA METAL: 
ITS HI STO R Y, P ROP ERTIES AN D US ES. 
By W ALTER R EE KS . 
THE subject the author has the honour of bringing under your • 
notice to-night is, he ventures to' believe, of importance to all those 
engaged in engineering work, whether civil, marine, or mining'. 
To the marine engineer whose att.ention is constantly directed to 
the all-powerful enemy-rus!. T o the mining engineer, who as often 
finds himself called on to cope with acids and foul air, both the 
sworn foes of iron or st,eel in any form . And to the civil engineer 
for both reasons , ' H e thinks he is safe in saying the mean 
temperature of the sea over which our coa ting steamers run is 
fully 5° above that on' the Engl ish coast, and something like 13° 
above the mean in the North Atlantic and round the east coast of 
the United States, and if that be admitted it , follows that the 
tendency to rust is very much greater, and the value of a material 
that will effectually resist rust proportionately higher. Presumably 
the water in mines is not affected by depths . but due to local 
causes, and the effect of copper and lead on iron with water as a 
medium is too well known to need comment fro m me. 
A metal, then, that will not rust, is practically impervious to 
the action of acids, as strong as steel, amenable either to being 
cast, rolled, drawn, spun, or forged is found in Delta metal, of 
whose properties more anon .. 
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. The terms bronze and brass are frequently used in a very 
indefinite manner, so much so that many people consider them 
one and the same thing . True, it is very difficult to know where 
to draw the line; but, generally speaking, bronze is technically 
1;lnderstood to be a mixture or alloy of copper and tin, while brass 
is an alloy of copper and zinc. 
T he word copper is derived from Cyprus, whence it was first 
obtained by the Greeks. 
Tin has been known from the earliest ages, and is synonymous 
with Bedril in the Hebrew language. Tin was lmown 1,500 years 
antecedent to the comm~cement of our era. 
Many writers of repute maintain that zinc was unknown before 
the T hirteenth Century, but Dr. Percy quotes authorities who 
agree tha~ the Romans ' at least were well acquaint ~d with this 
metal, and used it in the manufacture' of an alloy, to which they 
gave the name of orichalcum, similar to that we now term brass, 
Lead was known to the ancients alone with copper and tin. 
lt is worthy of note, however, that the use of lead for water 
reservoirs was considered so objectionable that it was strictly 
forbidden by Hippocrates, Galen, Vitruvius, and others . 
When we read so frequently, as we have done of late years, of 
lea~ poisoning, we cannot help corning to the conclusion that in 
many respects we! are not so very far in advance of the old Romans, 
after all. 
We have ample evidence that the Chinese were well up in the 
preparation and manufacture of bronze and other copper alloys at 
a very early date. 
Delta Metal, which is now so well-known in the engineering 
world, is the outcome or the researches made by Mr. Alexander 
Dick, with a view to improve the ordinary brass- that is to say, 
the usual copper and zinc alloys. 
Much has been done, and with good results, during the last 
decade to improve the bronze- that is, the copper and tin alloys, 
but no endeavours have, to the author~s knowledge, been made to 
improve the qualities of the common brass, or copper and zina 
alloys. 
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The ' author . might mention, however, that about tWe~ty 
;years ago Aich and Baron Rosthorn, of Vienna, made a series or 
experiments, in tbe course of which they tried various proportions 
of iron in the copper-zinc alloys, and arrived at resul ts whicn at 
:first promised a higher degree of success than was ultimately 
attained. 
TheSe results. as ~abulated . by Dr. Percy, show that the 
alloys possessed the properties of tenacity and strength to a 
remarkable extent, but the great drawback seemed to be the want of 
uniformity in the composition of different castings produced from 
the same alloy, even when the greatest care was taken in th-e 
manufacture. 
About twenty years ago, while engaged in the management of 
extensive brass works on the Clyde, Mr. R. Macintyre made 
numerous experiments with a view to making gun metal' into 
which certain percentages of iron should be introduced. After 
giving the matter a fai r trial, as he thought, he was unable to see 
where any decided advantage was gained, and so let it drop, but 
it was not till some years after, when comparing the experience of 
Aich and Rosthorn with his own, and looking at the success which 
Mr. Dick had achieved, was forced to the conclusion that he, at 
least, had been on a wrong track in trying to obtain the alloy by 
melting the iron in the copper. 
Following up the researches of Aich and Rosthom, Mr. Dick 
says his first object was to ascertain the cause of such uncertainty 
in the results. He produced various quantities of the alloy. II). 
accordance with the Austrian method, but found the re~ults varied 
in each lot, from the fact that the quantity of iron could not be 
accurately contrqlled . Such b~ing the case, the next step ' was to 
find a method by which a known or definite quantity of iron could 
be introduced, and this he succeed!;!d in doing, by dissolving the 
iron in the 'molten zinc to saturation, and then adding a known 
quantity of this compound" with or without pure zinc, to the 
molten copper. In conseqlience, however, of the partial oxidation 
of the metals during the process of re-smelting, by which the 
castings again varied, Mr. Dick found it necessary to introduce a 
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&mall proportion of a deo xide, such as phosphorus; etc. Being 
thus enabled to int~od.uce a definite proportion of iron in the alloy, 
it was only a question of patiently making and completing a long 
and costly series of experiments to ascertain the most suitable 
compositions of alloys possessing qualities to suit the widest range 
of applications, for it will be readily understood that in practical 
working, the manufacture of a great variety of al loys is a very 
great inconvenience. The Delta Metal Company, Limited, who 
work Mr. Dick's patents, now produce alloys differ ing widely in 
tqe.ir qualities ; but as it would occupy too much time were he to 
deal with them in . detail, . he will therefore confiI).e his remarks 
more especially to that quality of Delta Metal which is known as 
NO.4 alloy. He might mention here, that the word" Delta" has 
been adopted by Mr. Dick for a trade mark, in order to somehow 
connect his products with his name, 1:J. (Delta), as you are 
aware, correspon~ing to the letter D in the Greek alphabet. In 
this connection it, may lJe mentioned that, thou,gh the variety of 
alloys made or sold by the Delta Metal Company, Limited, seems 
considerable, it does not necessarily fo llow that all are under 
Mr. Dick's or any other patent, but simply that they are the 
CO'mpany's products. 
T he Delta No.'IV. alloy, which, on ace'ount of its great strength 
and resistance to corrosion has by far the largest sale of the various 
alloys proPllced, can be fo rged hot for pump rods, valve spindles, 
propeller shafts, cranks, boiler stays, and a variety of other 
purposes . . ·Objects made of Delta Metal instead of gun metal or 
brass, can ' be much reduced in' weight · while .. the strength is 
tetained. A highly interesting 'series of experiments has lately 
been made. by Professor Unwin, who teste:d the various alloys at 
h!gh ·temperatures. If we consider that steam at the ordinary 
atmosphedc pressure, has a temperature of . 2120 . Fahr., we shall 
be. led to ·see how boilers and fittings, working. under higher 
p ressures, wi ll be affected by the correspondingly higher 
~emperalures. Boilers being, as a rule, supplied with cast brass 
~ocks and copper tubes, the question naturally arises, are these 
materials the best suited for the purposes for which they a' e 
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,-employed? The tests referred to were made by Professor Unwin, 
to ascertain the tensile strength of metals at various temperatures, 
.and the results are as follow :-
BREAKING STRAIN TONS PER SQUARE I NCH, 
Rolled, Cast in Sand, 
,---~"----, ,-----_ ....... _-------. 
Yellow T emperature, Copper, Brass, 
Atmospheric, 17"84 24'09 
258 
260 
270 
300 
310 
350 
380 
400 
40 6 
410 
430 
440 
450 
500 
506 
550 
570 
590 
600 
615 
635 
340 
645 
650 
22 '44 
21'23 
Delta, Brass , D It Phosphor Gun e a , Bronze, Metal. 
12'45 23 '89 
11 '66 
12'26 
12'26 
11'06 
12'41 
12'30 
11 ' 10 
T he bars were turned down in the middle over a length of 2in, 
to a diameter of t in, or +Sin, and were fixed in an oil bath heated 
by a gas jet. Delta valves used for compressed gases were 
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formerly cast in gun metal, but there was always the greatest difficulty 
in obtaining them sufficiently sound to ' avoid the gas passing the 
metal, so enormous is the pressure to which they are subjected. 
Now in Delta No. IV they are si mply hot stamped. This stamping 
costs less than the casting of gun metal and not a single one of 
tHese stampings, of which many thousands have been supplied, has 
been found to leak or to be otherwise faulty, thus saving a great 
deal of expense, as any fault in such valves is generally fo und out 
after a great deal of labor has been expended upon the same. 
The sample of Bevil wheel stampings will illustrate the advantages 
of Delta starn pings over gun metal castings. T hey require no 
cutting of the teeth; as you wi ll see they come out perfectly, and 
besides this, they possess doub le the strength of cast gun metal. 
The sand castings of Delta No. IV. possess equal or even greater 
strength than b est wrought iron, and amongst many uses of 
such castings the gearing for the Swiss Mountain Railway (Rigi and 
Pilatus), where the safety of the passengers completely depends 
upon the strength and soundness of these wheels may be 
mentioned. 
" For testing the strength of each casting separately, a test 
bar was formed with the pattern, moulded, and cast along with it 
in one piece. T he bars were then cut off, and tested by Professor 
T etmayer, of Zurich, the results showing a ten ile strength of 
from 2 It to 2J~ tons per square inch, with an elongation of from 
40 to 30 per cent. on a length of 7t inches. Be ides these tests, 
the constructor of the Pilatus Railway, Captain Locher, had the 
following direct test made ;-One of the Delta Metal pinions 
having been in use for a long time, the teeth had worn off about 
one millimetre, so that their thickness at the root was ! inch, and 
at the top .-l .. inch, by a breadth of 4t inches. It was tested to 
show what power would be required to break such a tooth, the 
strain acting upon it under unfavourable conditions such as it in 
reality never experienced. 
The pinion (Plate IX., Fig. I) was put in the testing machine 
between two clamps, P, acting on the entire breadth of the top of 
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tl}e teeth. The test, made by Professor T etmayer, gave the 
following results :-
p 5 9 10 1 2 14 15 16 
L 0 0'0 15 0'01 9 0'059 o'ogB 0' 1~1 0' 16 9 
P 17 1 8 19 20 21 21 t 
L 0'208 0'244 0'295 0'3 5 4 0'472 (broke) 
P indicating the stress in tons, and L the shorten i~g in 
decimals of an inch of the distance L originally measurin~ 
zt in . Both as regards P and L the results were unexpectedly 
favourable." 
The quality which Delta Metal No. IV. possesses of not . 
corroding-a property whicp is due to part of the copper being 
substituted by iron-has intr9duced ·its use la rgely for sanitary 
purposes, as, for example, Kent's Water Meters, which are 
.completely made of Delta; Maignen's Filters, in which the taps, 
air pipes, and other portions used to be made of brass, are now 
made of D'elta Metal. Sir Frederick ~bel selected Delta .Metal 
for water bottles and other vessels used by the t,roops, on 
account of resistance to corrosion. 
Delta Metal finds, so far as weight goes, its largest application 
in marine engineering fo r propellers, pump rods, and also fo r the 
building of the hulls of ships and torpedo boats. A number of the 
latter have been entirely buil t of this alloy, and a 60 ft. launch is 
on the stocks at Messrs. White and Sons, Cowes, Isle of Wight, 
while an electric launch is being built by Mr. Sarg'ent, of Chiswick, 
for Baron Roth child . A boat has be~n constructed by Messrs. A. 
F . Yarrow and Co., of Poplar, for the German Colony in Central 
Africa. The plates and angles are of Delta Metal, and the stern , 
keel, and propeller are forged of the same material ; and in order to 
facilitate the transport, it is constructed in sections which can be 
eaSily put together. Another large launch is now being btUlt, 
also in sections, it being specified that no piece should weigh 
more than 60 lb. The advantage gained ' by using Delta Metal 
instead ohteel in the construction of these launches is that, whil t 
it posse ses the same strength as the latter, and can thus be made I 
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of same thickness of material, it is practically incorrodible, which 
becomes of great importance in countries where skilled labour 
cannot be obtained, and where steel and iron hulls rust through in 
a very short time unless continually painted. The price of lhe 
finished launches is stated to be from 2 0 to 25 per cent. more than 
that of similar launches built of steel; but, taki ng into considera-
tion that Delta always retains its value, it is maintained that the 
Delta launches are the cheaper. 
Delta Metal is admirably adapted for use in gunpowder works 
and powder magazines, as it does not emit sparks when subjected t() 
shocks. For torpedoes it affords the requisite strength with the 
minimum of weight. T he interior parts of the Whitehead torpedoes, 
and Mr. Lege's patent torpedoe~, the wire reel, spindles, and other 
parts of the Brennan, are made enti rely of Delta Metal. At the 
Art illery workshops of one of the leading continental Governments, 
Delta Metal is being tri ed as a sub titute for gun metal for wheel 
naves, and other parts of gun, ammunition, and ambulance 
carriages. T he results of experiments made so far have been of 
a highly satisfactory character. 
T he four columns forming the legs of the E iffel T ower 
are each composed of four standards resting upon cast iron shoes 
The upper part of these shoes is bolted to the standard, while the 
lower part enters a cast iron bed-plate to some little depth, thus 
forming a hydraulic press upon which a pres ure of 800 tons can 
be exerted to adjust if necessary the ievel of the different parts. 
T he hydraulic pressure is supplied by pumps, of which the 
cylinder, plunger, and valves are of Delta Metal. These pumps 
having to support a pressure of 3'5 433 tons per square inch to 
ensure the working power of 800 tons on each standard, haye 
all been tested to 700 atmospheres. 
T he ironclads "Marceau " and " Pelayo," the former of the 
French, the latter of the Spanish Navy, have been provided with 
hydraulic rammers-for the ch.a~ging of the projectiles-made of 
Delta l\.'Ietal, solid drawn tubesJ worki~s. telescopically one into 
the otqer by means of hydraulic pressure. T he construction of 
13 
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the apparatus was carried out under Special Survey, none of- the 
tubes beilig accepted before having been submitted to a severe 
test. Some of these tests were as under :-
Diameter Inside. T hick. Bursting pressure. 
outside. 
Inch~s . Inches. Inches. Tons squa re inch. 
2-to I s 7 2·22 25 • .4" 
Itt Itt 
-h 2·8575 
4tt 4-h -h 1" 524 
4H 4-h -h 1.746 
Among other hydraulic tests the following may be mentioned:-
A sol id drawn tube s·zin. outside diameter, and 0·098in. 
thick, having ·a circumference of 16·39in., was subjected to a 
pre ure .of one ton per square inch, at that pres ure the measured 
<leformation on the circumference was only 0·049zin. Another 
tube 4·7in. outside diameter, by 0·19in. thick, the deformation at 
the same pressure was 0·063in., but only temporary, and dis-
appeared as soon as the pressure ceased. 
RESISTANCE TO SHocK.-Blocks of Delta Metal and of bronze 
(the latter of the composition used in the French Marine), both 
l-hin. thick, and weighing forty-four lbs., were dropped from a 
h eight of one metre (3' 3f) on a punch "G"-.;" section. The result 
was the following :-
Delta Impression. Bronze Depression. 
Inches. I nches. 
1st blow 0.02 5 0.04 
4th 
" 
0.046 0.095 
7th 
" 
0.06 0. 129 
10th 
" 
0.078 0. 151 
COMPRESSION T EST, BY MR. W. H. STANG KR.-Delta metal 
forged cylinder diameter outside I.255in. inside 0:758in. area 
0 .786 square inch. 
Limit of elasticity 
MaJ!:imum Stress ._ 
34.85 tons square inch 
5z·99 " " 
Percentage of compression : 21.4 per cent on I.306in. 
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Other crushing tests were made at the Royal Testing 
Laboratory at Berlin with pieces of rolled bar, I. 189in. diameter 
a rea 1.1 I square ·inch. One was tested to 6 I .404 tons per quare 
inch ultimate, and another to 6r:278 tons square inch. 
A steel chain with one cast Delta link in the middle, 
diameter of li nks ,·.in., wa tested to over 35 (;wt. when the last 
steel link broke. T he other steel links were all considerably 
deformed, but the Delta link alone resisted without the slightest 
.d eformation. 
RESl'LT OF TEST OF CAST DELTA METAL CHAIN. 
D escri ption. Stress. Under Extension Remarks. S t ress . Permanent. 
Tons. Inches. Inches. 
( 2.1 76 .070 .01 
I 2·544 .1 '03 Ap~arance of fracture. 
I 
2.94.6 .2 Yellowish &~elc .1 clos~~ an~ uni orm . 
3-3 81 ·3 .25 
Delta Metal Chain I 3.616 ·4 ·34 
-cast in sand, diame- 1 3.870 ·5 ·43 
ler of link 0.733in . I 4.040 .6 ·5 3 l"85 ·7 .6 2 4.464 .8 .72 4.665 
·9 .8 1 
Complete fracture 
at root of Ii nk 
8.147 2.8 (several links partly fractured.) 
Ultimate-I9.3 tons. 
The above ehain was a portion of one of those supplied to the 
Brazilian armour-clad turret-ship "Riachuelo." 
The length tested was ten feet. 
Molesworth gives 4 tons as the working load of -i-chain cable 
and test load as 10. I tons; therefore Delta metal ast chain is 
practically as strong as wrought iron chains for ordinary ships' 
-cable , as actually stronger than galvanized chain. 
The most recent test was made by Mr. Stanger on the 24th 
Octo'ber last, as follows ;-
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TE NSION T EST OF CAST DE LTA BAR. 
Diameter 
Area ... 
Reduction in area 
Extension on .. . 
Extension on . . . 
Extension on .. . 
Limit of elasticity 
Maximum stre s 
I nches. P er cent. 
0.6 11 
0.293 
4 
2 
20.1 
20· 5 
21. 
21. 
11.54 tons sqr. in. 
23.89 " 
Sound fine grained fracture. 
Machron gives 16 tons fo r gun metal, and only 8 tons for 
cast brass, and for wrought iron only 22 tons. 
The following is an extract from the E ngz'nur, 15th Jul}'~ 
1887 :-
"CORROSION OF MET AL IN MI E WATE RS . 
" T he Bonafacious Coal Mining Company, in Westphalia~ 
having much trouble from the acid waters quickly corroding the-
iron and steel of their underground machinery, made a series 
of experiments with a view to finding the relative corrosion of 
metal of suitable strength . Brass and gun metal are not strong 
enough, and trials were made of steel, iron and DELTA 1I1ETAL. 
Rolled bar of each of these were immersed during a period of 
six and a-half month in the water issuing from the pits at K ra)" 
and then carefully re-weighed and photographed. Plate IX, 
Fig. 2. The bars were of 7.5" long, and had a sectional area 
: of 0.62 inch. The followi ng are the weight of the three kinds 
of bars before and after the trial. In con equence of the-
rapid corrosion of iron and steel, DELTA METAL is now being used 
instead for underground machinery in this and other mines. 
Wrought Iron. Steel. Delta Metal. 
lb. lb. lb. 
Weight of bars when 
put in 1. 1805 1.21 ~ 5 1.2787 
After 61- months 0.6393 0 .66 14 1.2633 
Los ... 46.3'/. 45·45% 1. 20/0. 
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COMPARATIVE T ESTS OF D ELTA AND M UNTZ M ETAL, BY P ROFESSOR 
S CHOFFEL, OF V IE NNA. 
Round rolled and drawn bars of each of the two metals were 
tested in a solution of salt, results as under :-
R olled. Drawn . 
, _ -A- _ , 
, --A--, 
Muntz. Delta. Muntz . Delta . 
millimetres. millimetres. 
Diameter of bars ... 18t 20t 19t 20t 
Length of bars ... 50 50 So 50 
square millimetre. 
Surface exposed to 
corrosion 2960 3286 322 3 3286 
kilo . kilo. k ilo. kilo. 
Weight of bars 0 '103 0 ' J3 85 0' 1252 0 '1385 
gram. gram. gram. gram. 
Loss in five con-
secutive trials ... 8'I1 5'69 7'79 5.67 
Loss per cent. 1'88 4' 11 6' 22 4' 10 
Appearance of sur- W rinkled Smooth Wrinkled Smooth 
face and undu- and uni- flaws and and uni-
lated cracks. form . cracks, form , 
In August la t (1889) the author ordered a sample lot of 
about 5 cw!. in ingots, billets, barS, plates and angle bars ; and 
having a yacht building at the time, where the owner wanted 
everything as neat and natty as possible, he decided to· use Delta 
fittings entirely abou~ the decks. 
I n designing the fittings a red uction in the diameters of all 
eyebolts, chain plates, etc" of 20 per cent. was made, being the 
margin usually allowed for the deterioration of iron due ~o 
galvanizing. 
T he chain and runner plates on which of course all the heavy 
strain of the rna t comes, together wjth many of the hooks and 
block-straps are of Delta, and have done their work right well, so 
far not even a sign of wear can be detected. 
